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rz'ce, the required probability 
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= 0253 + 0*1 7T + 0-016 = 0*475. 

Example 11 : A student takes his examination in four subjects A. B. C and D. He estimates his 
rj'ces cf pass ng n A as 4 / 5. in B as 3 / 4, in C as 5 / 6 and D as 2 /3. To qualify he must pass in A and 

r s: -east two ether subjects. What is the probability that he will qualify ? (M.U. 1998, 2000, 02, 05) 

Solution : When he Qualifies, one of the following events must take place. 

£, : He passes in A and in 5. in C. in D. 

£2 : He passes in A and in B, in C but net in D. 
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= 0-253 + 0*171 +0-016 = 0*475. 

Example 11 : A student takes h;s examination in four subjects A. S. C and 0. He estimates his 
p-ances cf pass-ng ;n A as 4 / 5, in 3 as 3 / 4, m C as 5 / 6 and D as 2 / 3. To qualify he must pass in A and 

p at vast iv. o ether sublets. What is tne probability that he will qualify ? (M.U. 1998, 2000, 02, 05) 

Solution : When he qualifies, one of the following events must take place. 

£, : He passes in A and in 3, in C, in D. 

£ 2 : He passes m A and in 3, in C but net in D. 
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Tho authorities of an university wish to form a committee of 4 engineers lor Inspecting 
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\ eng^er of each branch, (if) at foasl one Electronics Engineer. 
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, rt pMu0)^ er,t,) 

Ejtwnpl* : If P (A ) ” p^rifll ' 0 

r P i*« s| ' ,,t ' 

piauB ’; 0 3,o. 5 -«-»- 8 - , 

fl) = P[A I * 

pi) |f 4 8 are independent P I* " s ' _ p ( A > * P J 

[Note thalFM’- S) Jias wodflere 
and delusiveness are two different concept } 
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= 1 - P(Au B*1 

= t - P [A 1 ) - P [8> * P l A 
PtA)\-PtBl\l- 

= ^1 - PIA^V- P16 }\ 
• PW-PW 


(b) Mutual independence bc mutw ally independent if they are Pa ^ 

If A. B, C are any three events then they - def1l of C nA. C is Independent Of An e ' 

independent and il A rs independent of B n C. B is «™p 

The last condilion gives, 

P[Cn{An0)l = p[C)'P{AnB) 


_ - P [A n B1 P[AV 
PtAfB> ^g- p 
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A. B are independent. 1 


Nolfi that in words this theorem sU* 

independent 


^ P(C)' P(A)*PfS) 

For the ofher two pairs, wo get Ihe same condition. 

Thus, three events A. B. C are mutually independent it 

1. FWnfl) = P^)-PjO) 

2. P(Bn C)= P[B) - P(C) 

3. P{Cr,A) = P{C)- P{A) 

4. P(An0nC)=PtA)-P(e)'P{C). 

A "J!l ? A "*°" ™ rlS **'"'*' ** said 10 1x1 mu,ua "y MepMM! 

- P(A z J;p(A,nA 3 ^P(AiJ 1 P(A 3 ) 

• O ^ U l*IM 
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Theotem 2 : « A, B are independer 
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Since. A, B are independent P [A r 
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= PW + fH 1 



Ohio Theorems 


ICQ alono does not ensure 


Theorem 3 : if A. B are indepe 1 

Proof : W> have to prove that 1 
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^PIA)-Pl 

; p^AnB>= PlA^f- 1 

= P(A 1 'P' 

A B aroindepende 

* ■ ' 1 I 

Remark. ....^ 


r prove some theorems on conditkwai »._ L . 


it A. B or® independent the 
fdnm A rv H = A . P tA ^ ^ 
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ho run. wilhoul replacement 

s the probability that both balls are white ? ^ ^ 

is thB probability that the second ball is red *? 

Two whrto balls can be drawn as the first white and the second white. 

S 4 

P (first white) =■ — : P (second white) = — 


required probabiViVy.P(B) 


pyutortw*®**’" 
_ ^ _ ptUoB* 


P (combined ovenl) : 


12 


i - £ 

11 " 33 ' 
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' 4-5 and A r. A - & 

4 ** * ve * 

rtw .., 



■j 


Ccf , ;C*ry ^Ki- 
le 1 


Rtmirk 


(-< 1*1 6 , ft*l *0 ■*•*»"' 

/J _ 


P(A)S ' 


£jl *mpl* 3 -. 5<r **n Twtvsrs retort a.^g Vjr(J , 

^,e arfte^^^Pe'^^fc^ AsncB 

,0 . S<Nftn pwwi can sung *1 8 1*. * 7 c, , 

,, [»,erB a’* '*= A i-vjfi *>t- s rv i 

* * * 6*1 

* A w * B 

* * A # 4 

* * * A tr 


l , nd 0 Ncto ihat Iv tt» fi^«s A and Blhat not both wifi haJ^T; 


B-.1 


, n m»sa * ways A and B can mreTcninge g 


flr4 Betti and Dot* No' A ana y r< li ” 1 " t r(V ,* ca n occupy tr* poifliotis m 'C 4 ways » 5‘ *i 

mat Both * A Ml r. appon' ^ 3 J,J S^-canti 7 tJitfe re rrt mCjni n gs T HC lf - 1 * *t ' d a * 4 - Q ^ ^ 5 pd* 0 ^ ^ g numtX! f o' ' avtwrabie c uo m =■ 4 *2 % ( 

wjf * 1 in nyiTit/'AiwJ ai Ar.fi 


pwx™-***, 

n 7 


*«<• 1 : Wh3J W ™ **“ mrt a * TO y ° af Wld ° ffl W,! ‘ 1 Elt im^ 4 : Frt *s, 

,2 ^‘Hte A ^(jcafit^throifcnatimCT^? k 5 it 6 i 

button : A loop year tun 53 eompWfl «Wi and 2 more days Tinsso days con by; Monday ana S0* ul,on ■ ^ nl ... 

i*Hrt» and F nda*. Frida* end S.,w„,.. ****»} Wo can catenae ™mbor Dl iMunU' «J 

(t, 4 , 5 ) in 3 1 1 5 ways. ( 1 . 6 . 3 ) m 3 
(2, 5, 31 rtl 3 1 n 6 ways. 12, 6. 31 In 


TowdaywrtWn'lrwidiy Wednesday and Thursday. Thursday and Friday, Friday and Saturday, Bat^ 
and Eunda ( Sufid-v/ and Monday l el the required event bo derided by A. * 1 

ttibio sin 7 nutiihmfls and 2 am in A 


n * 7 nnd m ■ 2 




sum 


twnpl* 1 : Iti |h« play oUwodicc, a person losol iM he turn obtained 15 2 or 4 or 12. Wa wins II n> 
is & w 1 1 I ind tlw lali'j ot his ptrjb.it)! hiy ot toaryj to the probability of winning in (ho tint throw * 
Solution 1 Wfmn Iwn rtitn are ihmwn nnujiiawjusny there ,vo 3G cases as » fiown below 

(Ml, (1.2| (V31. i\,*l (1. 51 (1, F>1, 

(?,11. (2.J1, (2,3}. (2,4). (2 , 6 ). 

P.l). (D,?l. (3.3). (3.4). (3.5), (3iC) . 

(F I), (A, 2). (4,3), (4, 4), (4,5), (4,0), 

(1). 11 (5.?). (5,3), (6.4), (5 5) (5 6) 

( 6 | K (6.2), (6,3). (6, 4). (0,5). (5, 6 ) 

ha iom ? it ptitainfld in only onu wiv . n 1 1 f hn j h 

rt-e ium 1 3 h obtained m onty or, way - <5, 6 ) ‘ 3md 3 ^ * ( ' 1 . 31, (2. 2). (3. \ ), 


Total Mq o( *ays of geWng th* sum O wrtfi f 

PtAJ< 


Enamplo 5 : A bag contains 50 tohols nurd 
nod orranqod In ascending ordor (a t or 2 < ^ 

Solution ; Five licVals wt ot 50 can be drawn h 

Smco 30 and begets bio arranged « 

UcWets irom 1 10 29 can be drawn m '^wayl 

Thus.thOBOtwoUcketBCanbedrawnin C** 

rti = (”Cil 


1 


p «-5 


m - 1 o * 1 » 5 , 


n ' M ■■ P(taslng) . ? A 


The sum 1 it* obtained m 2 


ways -(5,61. 


m« 4 » 2 ■ 6 


n * 36 


Pjwlmrig) ■ ™ . _ 0 , 

n M 


H.SO nl prot>ab*lity Of to»ng to probab^ c ^ _),)» & 

FTwtnmr^i ' f ^ 


rnxm* dbmos*^*»^ 


|| 0 - 03-17 IU 40 
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hMdomagwtfciolYiU 

E a ; Ho passes in A and in B. in D but not in C. 
£4 : Ho passos in A and in C. in U, but not in D. 
Probabilities ol these events nro 

435 2 1 

5*46*3 3 
2 


P£\) 
P(Cj > 
P(e a ) 

p <e 4 ) 


4 3 5 

= - ' * 

5 4 S 


t- 


.« 3 2 / S', 

5 4 3 \ 0 ! 

' 5 2 I. 3 


j 

6 

1 

Ts 

t 

S •» 

9 


nnd om Signal AnalyHi 


* b 2 ( 3 

T h 5 6 3a 

lf lo required probability is ihn * - 

'y is the sum ol these probabilities 
*■ p (H* qualifies, a P(f /*' 

■ P (eu , p(ei) 

Ewn.pl.,J. Th 3 ° *«‘5 “ I5 

• - ^5* '■ 5> - ' - ' 2£ T *™ "» . ™, „ „ 

l ^hapo ( , /. 1 a ch L ' A • foad o ajy, r v " ls Pinnated ih „ 

"*«’ 1 1 "» °"o ol , ; ' M „ . • v ; 0 : ^ ' '«d M , h 0 * 21 0 % M'wn. ,«J , 

ora,, * o “i h dw 

y by 


P{El = P(An0) + P 
(v A, B, A, 0 are independent o 

P(E) = -1. JL + jL, 

to 10 10 

Example 14 : A lot contains 1 p 
*andom samplo so that iho probability i 

Solution : p * probability ol a defect 

q = probability of a non-d 


Cl 

til 




P ' ,04d ‘aneea ^ 






0 65 


!h0iQ PO PQi , aMftaS,M! 

u^ Vtn 

I0e 


®net • ® + 6 t y 




B 


Probability of all non-defective 

U00, 

Probability of at least one deli 
Wo want this probability to bo 

- "(Si 

-(ST 

n tog (0-91 
n(-0-00 
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Gx-ioom ^vi't 


H-J9] 




i 4 . |t kruv^n to 3 see uf lilts. A. person t. *. * 
^ a pe«on comes ham a population ot 10Q,CQ0 ^ 

^ :; Wttrrtc* wc „«* ^ t. probity .hat the person und^J 

tW.U, ^ 


nrwiortt Signal Anglyvi 


tU?i 


I 


b 'a: a " 

Solution ■ V.e frus 

^ = pfctat-!% irijLt i person has the cancer 
20CO 




= -t- « 0-02 
IQQ.KC 100 




I 


0 ; - p-cocr it> Thai a person does ret have tho cancer 

= t * C*C2 =• 0-$S 

p . = proeacii.Tv that the test is positive when a person has the cancer 

&5 


(B) 


too 


-C-3S 


P tfl v l T,) s a ! 15 (We'^l *t*f 

is tec (\?b wfjdj 

p ^ is received) ^ P(ia tweivei *h V 1 - 1 is tr 
PtRO * P t (MT0*P< T^R,, 
- t>9 *. Che » f]'1 7TS z. 0-E 
p (0 is received! ~ P 10 is receded when 0 s ti 
P(fy = PlfV Tij) * P(T(j) * P^P 
« 0'S x cm * o*i * c e ■ o*-! 

p^O was transmitted given mat i was reersvs 

P(P l /T ; VPtT 3 } ov* 

0. 


P(T d I Ril - 


PtH-l 


P; - probability that the test is positive when a person does not have the cancer 
= 1 - 0*35 = 0 * 05 . 


Retrod probability = 


PiP‘r 


(jy] p (1 was transmitted given that 0 was recen 
Plfli/TiVPtTil M 
0 


P<T,/R0’ 


► 


PlP l 1 Pp P 2 

2 S5 


fW 

Alternatively t P (F, / = 1 - P lT tt > P|1 


Required probability =■ 


. .100 IQQ 

S5 


190 


— - , . JL 6Q0 


- 0-279, 


100 100 too too 

Example 10 ; In a commumcaticn sysl 
Tutted wiUi,proh* L ' " *■ — 

IM and as a zero w 


' -'Example 11 : A binary communicatiw trar 
by 0 or 1 . Due to noise, sometimes a transmit! 

IT tho probability that a transmitted 0 isceen 
1 is correctly received as 1 il 0-fl and il the pn 
a 1 is received. (1*) a 0 is receded, tiii) a ' wash 


transmitted with probability 0-6. Due to r: s , : r “ «•* w** given that a 0 was r&ceived. M ^ orTcr 


pTobability 0 l 9 SimiHrk ^ c c ^ arir ^ 3 i era can be 
one with probability 0 -g * ShfTll,art * 0ne 


W 11 a * C ^ ed - «tw is .he prohibit lha . a 

‘--"W 


can be received as Z TZZ? &$ **" * ilh PTObaWL: Solution : Wo 
S ICro Wl,h probability (M and as: 


°ne was transmuted 7 

p (R 0 ) 



(M.D.201C 


are gi-ven that 

P(To1 = a 0 is iransmitlad f 
P(T,) = a 1 is transTtvIttod 
. 1 - p, = 055 

PlfVTo* »BOisreco i vod»< 
P(R^T 0 ) = aii«ehodwhi 
_ v _O^ = 0-1 

P(R,a,) = a 1 is recolvwJ 1 

P^RofT,) -*Qis«K^ 
8 = 0-2- 
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,* . 1 "HI ' 


, ,, .III k u* ' 

,1 . t I' " 


,)1 


(I'll'f' 


jlMI 


>1. V , ^1 *1 ( 


t" 


M>'"" " M| 


i * * ' 


1 




, ***<M«|* 


n. 


1 , l( 1 i lll l„i-U tinlta u/ij wImi* > 

**• iv; n, ,■ *.i ■■ i ’.’l <■ »' ! l'’ * i i . ’I i . 

t ;■ VJlMln 01 I wlutfi »jf 4 M , 

SiV# f*\' t 1 1 * Hi 1 1 ' nt'«W ^ ^ 1 ^ f 

Em i 

ir *pa, (V MM -V •'. *> ■'. "'■•I''" tl, " l> W " ' “«• »«> rn mil 

*iv ^ HV* *y 

l 


r TO- 


- v 2 * Pj *Pi 


^ lV 5 c.m tv dM^n in V- 


ways. 


‘" - *■ ia:jw two whip lyiis v.tofi Kvcj bafls aio white) *. -fil = 

Jc: 2 5.4 20' 

** ‘ jawing tftowhiiobaiis when 3 Mis aro white) = ,^£? _ 3^2 Q 

^ 5.4 20' 

^*^g2whLtaba«swhen4bollsa(o white) = *?1 - j* 3 \% 

C 2 5h4 20‘ 

* . :& . ?J 4 . a 




lilt 1 / 


*c 2 5 . 4 ~ 20 


P*P± 


'S^STShTmT^^ 


^w?:r 


40 2' 


f ,i • •*J'/S r Jf 4 jil t 


1 1 


f. - 


—x 

>1 


k ',,' 


* » ■ at; 


*■ « * 


^ * 


,/ ft l c 
G*/ X *1 


F IX c 




^ & &V * p>iU-r'£ L 

1 ff/1 

./a 


2 V 


B < 2 r,,Mmw 2 




p fa,,— 

9 I PlpT'Pi^-f 


(!• 


l1J3i*(2/8,*ti. 


pfSiU 


^ F>Fi 

S J Pt ft * f 2 F'l * 


tl 


C/a)*i 2 / 9 jtf 


E ** mp<4 7 : Thc CC!,ient s Ot | hTeo ums 

z «hi!e bails, 3 b | ick Tfi 35 Allows : 

3 ^^4 bl3ck r a ; nd5[edb ^. 

s wh;t e ba[l5j 3 b| and 3 red b a n Si 

, 3 ^v 0 | >3 vha PPen to bQ ^ hil0 aridred. Whallsths 


Example 6 : A lot cHC chp^ a 
delivery but the tester is not complete* 

P (Testet says me entp is good 
delcclive / The chip is actually coloctr 

11 a tested chip is declared delec 
Solution : Let p-, = Chip is deiecti' 
p x - Tester says in 
P2 = Chip is flood : 
ff t = Tester says It 
By Bayes' Theorem. 


P (Chip Is detective / Tester i 
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Condom Signal AnolyjU 


[1-50) 


P(^c) - p { T d + p l^V^ ' P( r d 

- D 9 x Q-45 + 0-2 x 0 55 = 0 51S 
Now. by Say os' Theorsm 

(ili) P|i was tran-smiUCid gi'jen that 1 was received} i.e. 


flg^l Arw^i 


* L 


A* 


p t ‘ ^ Probsb^ty ef oeltingE^i^s 

. _ \3 
_3 


1 3_2 


P(r,/fli)- 


P(Bi/^)P( T i) O-S^O.55 _ 0>9Q7 


Pa 1 


: Probability ot getting 2 hear 


0-4&5 

(Iv) P (0 w as t ransmjllcd gi v en tho t 0 was recede d ) i. e . 


4 1 


^(Tc/fl o) 


PVWT ab P{ T 0 1 _ 0-9 x Q.45 = ^ JQQ 


M 


F[rt ; ) 0-515 

P(Error) = P(0 was received when 1 is transmuted given that 1 was transmitted) 

+ P(t was received when 0 was transmitted given that 0 was transmitted) 
P(Errer) = P {%/ T,> - ^[7,)+ P{R, 1 T 0 ) - P[T 0 ) 

= 0-2 x 0-55 + O'l x 0-45 = 0-155, 


-Mmir-vn 

Pj- C Probability ot getting 2 ten 

■"BUfr-i-i 

Reared Pidbabftty - -^r; 

[2J91 


Example 12 ; In a factory, four machines A,. A,, 4 3 and A a produce 10%. 20%. 30% and 40% d 
items respectively. The percentage of defective items produced by them is 5% 4% 3% and 2% respect 

An item is elected at random is found to be defective. What is the probability that it was produced tat 
macfuno a? v j .. u wias iw 

, _. il (M,U. UK im We do not tow cw 

* e p, = (A,), Pi-P {A 2 ). eto.. then we have ^ was A, the probability to 

Pi -0-1, Pi = 02, pj = 0-3, d . h = o- 4 - ^prdb.Olch«® p, S A1 ’ 


Let 


P‘, = P(0/A,>, etc., then we have 

P ’i = 0-05. p a = 0-04. p‘j = 0-03, p - A - 0-02 


1 1 
3*3 


t 

9 


Wow. required probability =- PaP'a 


Plp,,+ P2P , 2 + PaP h 3 + p 4P 1 4 
0-2 x 0-04 

! m =1 » 


= (PtOb.O« cnoa * inft 


1 IJI. 

3*3 » 


II the coin ^ 

^Prt.d** 0 ** 
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r t - > 1 1 i 


UlM V 






Vs' IVM „ j fc 1 

i' \ • ' 1 


i mil 


t i, mi tlHl 

miMiu 


► 


* w 

j; 40 1 


L 




^' 1 * 

f fl *c * >> h 

f ■ - 

- j ' 


i 


, , ,. , * I,, *'»»I 4 1 

U’s."' ” " ^ ' ,,i ihfltiv ib.ii <*ii l“iii !1 < m J wMo V , tM * 

VI, .•v.*"w" h "" ., <% 

,., . ,4.111,11 m «Mwi OF l WmlO tji A #J| . 

Stattftan S \( IWy'tMi't iluwn i VO I'''*’ ,l ■! ’ " ^ ^ « t 

!u'i 

■ i .1 |i lively Wi) CIWI (UMlIfH) ||)q| |K|| , 

1 1 ■ i'-r tv tv vv.i V\ A,, a. .i , 'i* i* ’I 1 * r ww -» 

I s *** TNW't* a o frjujv • 

L * k \ . ,v , p; 4 , 1 , P( 4 ,1 (' t /’ (At! 

- i'j ‘ P) - P* • ’ 

4 

w ^ ta ( os 5 c,v\ to duw t> in ! 'C; ways, 

j 

* 1 ’ 5 P iii,w og two vit: 4a lulls when two lulls Ota whilo) « -^2. - ^ ' I 2 

J C 2 5»4 ’ Jo* 

1 p taking two white bj.Ha whan 3 bolts are whiioj = 3 -? = ^l3 6 

J C a 5.4 2Q 1 

P i- o.\ n 3 2 while bails when 4 balls are white) = - 4 *3 12 

e . „. . & C ? 5x4 2 o* 

*'" S 1 ’**» Ms «*«, 5 balls are v,h|tt) » - 5-4 20 

■-■ ■» *w. »»™» Rhwm Pntmti S C 2 ' 5 . < * 5 

- p*p y 

‘ iwJwsoranrJjyiLgWJOi 

■^.s* 

U + K 40 2 ’ 

t white bau s 3 bla-t s 035 1 o! 'ows : 

.. =sssr=55 
^=5s=an£-i“C, 

"*■**'» PPM, ° ba *^»«r«. TO a tisW 


/ 


/ 


’* ! 

/• 


* #» * • :i 


i o - ■■: 




-I 

V 

v+- 


T *f 1 

"J I 

1 it'O 


■fi / ^ i* ■ * ^ 

^ 1 * 

p f ft i a/P 

Oj (2/4, Mlt5 r * 

?'& £i£i 

S) 


’(I) 


nn,*t 2 /Sj 

Pif 

1 — __ — 

Pi P '1 * Pjf 
’ (1/3) -(2/ 5 


Example 6 : A let sf iC er.i 
delivery but the tester is net ccrr,[ 
P (Tester says the chip is ' 
detective / The chip is actually * 
II a tested chip is declared < 
Solution : Let p, = Chip is dr 
ft, - Tester w 
P 2 = Chip is g 
ft 2 c Tester si 
By Bayes’ Theoiom. 

P (Chip Is detective /Te 
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fcritttfn Sigrtf fciolyui 




F«t sejie 

r-.i v. *1“ h \nw ' 

SiJylfOn : V.f 

Tt - preset ity mat j person Mas ttie cancer 
2000 


Et ™ :e 9 . A c0 .j <, ,«, icr j particular cancer .s Known to be 95^ accurate A person s^- 
M :e>: #>c ^ w*;t ■* pos-ue, Suppcw ** a per^n comas t,wja popolat.on o( 100,000 wt* r 
- - v. hat cah wo conclude about the probability that the person imH„, . 


ondtf n SiQnql Anotyio 



person untiet^ 

W^sw* 




- 0-C2 




1000QG ICG 

^ a fc:sc^ does not have tho cancer 

- t - 0-02 = D-33 

r ■ = pr**a&iJ.:y nut the test is positive when a person has the cancer 

- 

' 1DQ 


= 0-95 


P IR \ J = a i is *r 

p l^t J - a 0 is n! 

P(t is recede*) = P u £ recthetf *r fat u 
P(R^) = Pt*V T,)*pjrj[T>yi 
= 09 * 06 * frt 7"0"1 =. | 
p (0 is received! = P(Dis received when 0 c 
PW * Pl*V T-qJ - * p 

= 09 yfl-t +t)*l »06 = t 
[JU> P 10 was transmitted gsven that 1 was tact 
PiafT : !.PtT D ! O' 


K) 


P^R,}! 




Pi - probanihty that mo test is positive when a person does not have the 


■ 0-95 = 0-05. 
Required probability - ■ 


cancer 


(iv) P (1 was transmitted j.icn that 0 was reci 

PlRirr,i.Pir t ! o 


PiP 1 


P(TA)“- 


PiP’r + PjP'j 
2 ^5 

Required probability =■ - ~ 1 QQ_' lOO_ 


Alternatively : PIV Rt) = 1 - PlV R 


95 

T- t 


sa 


Example 10 : in o communication 


_ , _i_ 630 

™ 100 too too 


190 

5^7^' 0*279. 


r~- — * « 

cm with probability 0-9. 


' -'Example 11 i A binary communication ir 
by 0 or 1 . Due to noise, sometimes a transmi 1 
tf tho probability that a transmitted 0 is cei 
1 is correctly received as l is 0 - 6 ana il the p 
a 1 is received, aO is received, [liTja ' was 


and as a iero with a «*0 canb^^"^ ^ lnd 0 Wfl 1 V™ *« a ° feceivQd « * e CfW ”* 


(f) Waone is ctosen,^ * ha , ■ 


fft1l!arty - C ' necan bo solved as L7o!lil! da l OTeiKilh pfDW * Solution : Wo are given that 

iero Vviih probability 0-1 and at 




Soluti0 " ; ' '/ ma i one was transiniued ? 



(U.U. 2011 


K-Piiy 


P(Tq) - & 9 ,s iTansrruMQC 
pj-7^ = a 1 is LransnuttK 

^ 1 - Pi - 

PtRjiTo) - a 0 is received' 
P(fV To) = a 1 received wt 
p t -09 = 0-1 
P{fl, l TO = a ' « reoeivod 

PtRa/TO ».0*srecni«d 


. M 
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1 . H „ )assas »<A=mi'»0. | " DWn0linC 


Ej, ; Ha passos 
Probability ol Vi-e&Q ononis .va 


* k and in C. In D. but not in B. 


4 3 5 2 1 

^ * _ 4 +-. ■ - S - 

i 4 6 3 3 


P£0= a 

2 5 4 6 l 315 

M-i 

l 0 ! 15 


^-rrl 


5 G 3 v 4 9 

h0 toquiJcd probabtlitvisihe 


cliheso ptobabiliu« 
( = Ptf,.£ ;V r 


e,> 


p tE|I.P,f.).p 1Ej) . pi£() 


la.i.i 

3 6 15 a 


61 

90 


PiE) = P^n0)tP(; 
(v A. B, A, B aco indopendcnl ov 


oin\ ® 3 A 

P|E) => — ■ — + — ' 

10 10 10 


Example 14 : A lot contains 1 pa 
•andom sample so that the probability 0 


Solution ; p = probability of a dolectli 


q = probability of a non-do 
Probability of alt non-dofocllvo ito 




E»»nipls 1 > . it, 

>cjj y u „ ' ,L '° n ®ws pjpc, s 

"* P f '*ibihtv’u^ d - C * 5% ,flqd A an d c P ^ :ilhcd f JWi 3 ClSy „ 

pap^ r . . 1 a fan toniy ch . * r °w 0 a™ c J climated that 

'wds owy Wo c{ n ***» tO <* a , 3s _ 0 ^ all m 0 thm P 0 ,y 3 rs f c«J 

p ^m s ^ ... . f*0 01 ihoj! W) ro ^* at least 


Probability of at toast ono dolocti 
Wo want this probability to bo gr 


"l 


99 Y 

too) 


W 

1*1 

fcl 


^''Wds m 




— — 

''I V?* 

^ ^ p4p0 'i 

p ^'065 100“^ 


_ -i i-m (y^ 1 

fVTW 


-(Sf 


n log (0-99) < 
n(-CWXH4) 
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3 »re 


, L r .;i r.j.o r. h »e cancer 


l * '■ ; .tabd(t/ 0 4 and a Ono ^ 

te ■■ "tiMono with probability 

, if': * rb protiabiJity 0-1 an{1 ag ' 


nir-cJ 1 
n»rrad 7 


(M.U, 2010) 


‘py 


P l*,J 


&* 


{#> 


(B) 


{Iv) 


p[0i5 receded) = P(0 is receive-d when Q is transmitted] + PfO'S rceeivoQ wnen i ' 
F[^l = P(^vr c )-P(T C ) * P^i 
- 0-9 * 0 l 4 + 0-1 V 0 r S = 0-42 
w as transmitted given that 1 was received) 

P(fl> / T a ) • P(T" 0 ) 0-1 * 0-4 0-04 

o^ia 


P(T 0 / Pi) = - 


P(fl,) 0-53 

p^l was transmitted given that 0 was teceivscJ) 

Pffif^Ttt-PtTi) 0-9 *0-6 
P l ■ 1 'Pit | = ’ 


0-07 


0.54 


= C*93, 


(M.U 2009) 


P{H,} 0-53 0-53 

Alternatively : P<7 t /fi,) = 1 -P(r 0 /fl,) = l - 0 07 = 0-93 

. EKamplc 11 : A binary comm Ltmea non transmitter sends data as one ol two types of signals denoted 
ty 0 Qf 1 ■ DuO \o noise, sometimes a transmuted 1 rs received as 0 and vico YOfsa 

If i*ie probability thiil a transmitlcd Q is correct^ received as 0 is HI-9 and probability th^E a tran jJtii.tcd 
\ is correctly fCte^ed oa i is 0-fi and il Eho prots^ti^ily ot transmitting 0 is 0-45, find the probability rha (i 
a 1 ia received. \ ii] a 0 it; receded, [iu) a 1 was transmitted given that t was received r tiv) 3 0 was transmits 
given lhat a 0 was received. (v) the error has occ wired 
Solution : Wo are given that 

P(7^ = a Q is transmuted = 0-45 
P (7*) ■ 3 1 13 transmitted =i 1 - P ( 

= V- ft = 0 55 

r 0 > = a 0 is recotvod whan a 0 was Ir admitted 3 0 9 
PIj^i / 7 0 } e a 1 received when a 0 was fransm i|Eed 
« 1 - 0 9 - 0*1 

PI/?! / 7,) - a Ms received when a 1 was Iransmltcd ■ 0-8 
/ = u o is received when a I was transmitted 

= 1 - 0'fl = 0*2 

Now. wo calculate the foquiJfld pro&abditFes as follows : 

(f| P{1 Is received) = P(t is received when i is transmitted} 

+ p(1 Js received whan 0 rs transmitted) 

p(R, ) * + 

= o s * 0-55 + 0-1 ^ ChJS * 0*485 

(it) p (0 fs received) * P{0 is received when 0 rs transmitted) 

* p(Q is received when 1 Is transmitted) 
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= PfPj 
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^ P(P.) 


1 = 0-3 
3 =Ot 


( 1 ) 




ii ItfCtHUHl) * ril 111 Tl'OtlVlMI AH*m r LSII4(llMI'niVU| ’ r * " “ 

H»il - Pt*f. M ■ P(M * tVf. thl" ^l^nl 

■ 11 » ' o r> ■ 0 ’ ' 0 4 15 '* . 
^ ^ u (ecftivQri) - P(0 is rixi'in^J winm 0 is Tmitsmilted) ■ PI® ,s mceiv 3 

P(H ,1 *= Pi,tyT t \‘W a l - P(^r T,)-Pir,| 

■ 0 9 * 0 4 . 01 X 0 e = 0-45 


yx jO »js transmitted given liur I was received) 

,, T n . P|W^rai .P(Tfl| o.i x o-4 

f l I) '» O SB 

pyl nSS li.msir.itted given tba: 0 was receive tt) 

p<fVr,b pito o.9 x oc 
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Alternatively : PST^ RiH 1 - = T- 0-07 =0«. 

£i ample 11 : A Onary communication transmitter sunds da la a* one ol t^o t>-pc - 0l s * 

. 0 * i Due in noise. somoUmea a Inmsmltted 1 is tece-ved as 0 and vice versa 

, ,, tone* WM«li»l«l» °’ ”"^ 7 W ° „ « |~l . 0 »» 

a l ir-ce'-.ed.tniaCiiS'eceivea^inJa 1 was transmitted given than w. s ■ , M y_ ;g09) 

g-ven [bat a 0 « as received, (v) the error has occurred 

Solution ; W '$ fl fC S'^ n 

P(7 q ) - aO is transmitted = 0-45 
p{7 0 = a 1 is transmitted = 1 - PtT^J 
* t - Pi - 

P{Rn f Tg) = s D i3 received when a D was tra/i-smitted - O' 9 

F(R' i Tq) = a 1 received when a 0 was rrsnsiTNUed 

- i - O' & — 0“ 1 

P(fli / Tt) = a i is received when a 1 was transmitted ~ OS 

F(fb ^ Tt) - a 0 is received when a 1 was transmitted 

= l - 0-3 = 02 . 

Now r we calculate the required p rotjabil Hies as Mows : 

( 1> P{\ is received) = P [ 1 is received when 1 is Iransmitted) 

+ P (1 Js received when O is transmitted) 

... p(R,) = P{R t ! T t ) -P{T,) * P( fl ) 1 r c3 ' 

- o-« x 0-&5 ♦ 0-1 x 0-45 = 0-4S5 
(ii) P(0 is received) = P(0 is received when 0 is transmitted) 

+ P (0 is received when 1 ia transmitted) 
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Bgn<lorn Si^nol Ar>aiyila_ 

, P [R., . p(R 0 /To)-P(T t l*P< R »' r '!; Pir ° 




0’9 x 0-45 + 0‘2 * 
Now, by Bayes' Theorem 


0515 


1 was received) r.e- 


(iii) P 1 1 was transm illed gw e n lh at 

P [.Ht i T t > P(T"i) 0-B x 0‘55 _ nQf| 7 
PIVRO- = - 


M 


► 


F(R,) 0-485 

P (0 was transmitted given thal 0 was received) i.e. 

P[R a tTg)-P<Xs) 0-9x0.4 5 
PfT 0 /R 0 )» p^ Bo) = 0-515 

(v) p {Er(Cf) = p (0 was received when 1 is transmitted given that 1 


0*766 


was transmuted) 

+ P tl was received when 0 was transmitted given that 0 was transmitted) 


P lError) = P {fk I T,) - P (T,> + P (R, I T e ) - P (T 0 ) 
- 0-2 x 0-55 + 0-1 x 0-45 = 0-155, 




Pa = 03, p*-Q-4 

P‘a-PtS;4 2 ), etc,, then we have 
Pi-004, p‘ 3 = 0 03, p - 4 = 002 

Now, required probability = - p2 Pj 


PiP’i + Pt P'i + p a p y-K p A p * 4 
0-2x0-04 

* 0 ’ 04 To^Tu-oi + 04 x 0*02 


0*1 x 04)5x0-2 
0-006 

! *sr^- 



p* = Probability of getting 2 . 

^ i o _2 


- 3 Cz 7- W 


t 


.3, 

9 3 0 


pj' = Probability ol getting 2 heads ir 


Pa 


- Probability ol getting 2 heads 




el -a 


9 t 

, i, — . — i 

16 4 


Required Probability 


I 


Example 12 : In a factory, lour machines A, . A t , A 3 and A 4 produce 10%, 20%, 30% and 4Cft d' 
items respectively The percentage of defective items produced by them is 5 %. 4 %, 3 % and j% respect!* 

An item is selected at random is found to be defective, What is the probability that it was produced to l 
machine Aj? , aill M 

* tM.u.atiw 

Solution : Let p, = P (A,). p 2 = P ( A& etc., then we have 

Pi = 0-1. ft = 0-2. 
let p‘,nPt0/A 1 ) 1 
P'i = 005, 


PiPi** 

<1 131(21 

3). 1,2 19) rt,1f3)*t4J 

1 2m 

( 21 9 ) 


,| «««**» A. 


- ^Prdb Of chwsing A) x I 
1 1 -! 

= 3‘3'9’ , . 

* (jprdb. ot choosrt e > 

1 1,1, 

a 3 ® 


tittraooinws® 


-(Prdb-ot*^' 
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3 : Find E (X) if X has the p,d A. f[ x ) = [ k ~ *>■ 0<x<Zk>0 


\ 0. 


elsewhere 


Soluiio” 


-2 2 

j 0 n : EJ/ definition £(*) = J 0 xf{x)dx = J & x* kx{2- x)dx = *j^(2x 2 - x 3 )dx 


= k 

2x 3 _ x* ' 

2 

= k 

16 16 


3 4 

0 

„TT 


16A: ^ 4k 
12 3 


sample 4 : Find £(X) for the p.d.f. f{ x ) = ” A osx<1.*>0 

l 0, elsowhoro 

Solution : Dy definition £<*) = j 0 * '(*)<*» - £*• k{x - x*)dx = k 


x 3 x 4 


k_ 

12 


Example 5 : Tho daily consumption of electric power (in million kwh) is a random variable X with 
probability density function 


m = 


fkxo -1 ' 3 for x > 0 
0 for x £ 0 


Find the vnliro of k, I ho expectation of frand tho probability that on a given day tho olcctrlc consumption 
l$fn(ye than expected value. (M.U. 2003, 04) 

Solution : Wo must havo j f(x)rfx = 1 /. c. fcj a xe ,/3 dx = 1 


(*) 


a-* 1 * ' 
-1/3 


-*/3 


-<»> 


I/O 


k[0 t 0] n 1 Ok " 1 .** fc - 1/9 
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Etample^lP^)- 0 ' 3 ^ 10 ' . „i _ n 


^gjwhcnli)^* 0# foe,tc ^ ls ' ve ^^'® ara In(j e ^inbOJ*iS2^— 2^C!l 


P -2 


Solution : (I) I 


lejiirim _,_0 

til A, 0aro flfce |usiv0 PU ' 

= 0 .3 + 0 - 5'0 = 08 ' 

(II) 11 A, Bare independent P(AnB) = M*> p ,a\xPI b > 

••■ P{, " B) ’ nA KsLV*°«- 

= °' 3 „« under tho two conditions, showing that int} epeflrt 

t Note that P[A u 0 ) has two different values *4* 

and exclusiveness are two different concepts- } 


^qWi consider. 


P(A nB)= PtAuB) 

■ 1 -^W+ PtB)-P^A 
= twP^-PtB) vP[fi 

= \t-PtA)\-P(B|\t- 
-PW-PtB) 


But 


(b) Mutual! n dependence 

It A, B, C are any ihreo events then they are said to be mutua y r\ ®P®" 1 e V are paj^ ^ 

independent and if A is independent of 0 n C, 0 is independent 0 n ■ ^ [jotC *■■• — 

The last condition gives, 


rK 1 P(B) P 


P[ Co (An 0)) 


P(C) * P(An S) 

= P(C) ■ P(A) >P(B) [ ■ ■ A, B arc independent. ] 

For the other two pairs, wo get the same condition. 

Thus, three events A. fj, C are mutually independent if 

1 . P(AoB)=iP(A)- P{B) 

2. P(flnC)=P(B)'P(C) 

3. P[Cr>A)*P[C)- P{A) 

4. P(AnBnC}^P(A).p(Q).p tC ). 

Generalisation : If A,, A 2 , A a A„ are n events then they are said tn hn m 

"> p “" ***' ■ P W * W :P(A, „ PWl , b ° "’ uh “ n '' 

U P(Ar ' A < ,sP M)-P(/l/HorrtUJ, 


^ote that in words this theorem statr 

trdependentV 


v \ 


Theorem 2 ; tl A, B are tndepender 
proof : We have P(,AuB) = PtA 
Since, A, B ate independent P [A c 
P(Au 8) = W+PiE 
- PIA) + Pii 
* t-PWI 


( 2 ) P«t,r,A,^ nAJ«P W| ,.p Wi p ■ 

Hole ....& ” 


-/and 


^nouid be noted that, cond^T^Trr^ 

" c >= P|A >- p l«) • P(C, 


It shou^Tbe noted that tho conditio 

Jnceand 

on conditional probable*. 


(c) *ome Theorems 

- Wa now prove 


Theomm i . ii 


lacpendenee and also ih* ■ v * K 

c ) = P (A ) p P r S ! ' n _ de Penden 

some theorems 


' ce alone does itol ensure 


Theorem 3 : ft A, B stb indepc 
Proot : Wo have to prove that f 

Now. PlAnB)-PW-P^ 
-PW-Pl 

... p^An6) = PW\T- f 

S PIA)*P' 

A,0 at a indepond* 

Rcmaik ....^3 


it a. B aro mdopendentthe 
Since A nB - A. PlAoB) ^ 
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